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(57) Abstract: An inverter circuit is disclosed which comprises four terminals: a gate input terminal (Vin) connected to gates of 
^5 an n-channel MOS transistor and a p-channel MOS transistor; an output terminal (Vout) connected to drains of the n-channel MOS 
transistor and the p-channel MOS transistor; a p-type base terminal connected to a p-type substrate of the n-channel MOS transistor, 
QQ and a n-type base terminal connected to a n-type substrate of the p-channel MOS transistor. The n-channel MOS transistor operates in 
a hybrid mode of the operation mode of the MOS transistor and that of an npn lateral bipolar transistor existing within the n-channel 
MOS transistor. The p-channel MOS transistor operates in a hybrid mode of the operation mode of the MOS transistor and that of a 
pnp lateral bipolar transistor existing within the p-channel MOS transistor. 
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ti{ci^;£-rs^7^'f ^>'^ • >'"^'^^-^ • h-^yi^j^i^'ii^rgfife^— KT-ttf^^-M- 
^l^^^3ML/T^ MOS h^>^;^;^^i:s '^m3|^:aE-r?>^7^^ ^^'^ • >''^*'1'^— 
^. h^>i^:^^h^$B^^:-KT-iljf^^'&SN DTMOS (Dynamic 
Threshold Voltage MOS) ^^>i^X^5^>b^^^^tlTV^?)o DTMOS h^>t^ 

(F. Assaderaghi et al., "A Dynamic Threshold Voltage MOSFET (DTMOS) 
for Very Low Voltage Operation," IEEE Electron Device Letters, vol.15, 
pp: 510-512, December 1994) o 

t)> vdd^o. 7vw±i:bfem^> ' :x.^y^mi>zmwmmmrjim:^ 



wo 2004/088750 



2 



PCT/JP2004/003208 



■ [Rl«i^ds^nSfe46, iiJf^*s^mi:^D^fflT'#3&.v^o ^fe. Vdd^O. 7V 

■ 

h^^tfT >>''^— ^lilI^"e^-3Ts ^n5^-\':7N;i/MOS h^>S^:^^W^ 
p5^i':i^;i/M0 S h^>i^X^6D>y— hic^i^^tlfc^- hX±j5g^V i nils 

t^&^cD3Sg^0DDTMOS«. <s Vdd*sO. 7VW±-effi 

2|s:^0mx ^©igi!j;b^tSffl^^i:mT% SO I ^eu^iibfeMOS h-7>s^;;^ 

m^—7.m=?: OT±HBnM^-;^4g^&A±ji^^tU ±f3m;bSg^ V o u t 
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y^m^lzl^B^ ntamMM Ihnh ^^H. tmMM I b p ISlUUMMU I b n 

h^>i^:^^i:^^tf'f iS^mm^x ±IBMOS h^vs^^^^oibf^^— K 

■e CMO sm^'^)^t UT^ffl U ^CMO S^^ip-b;i/CDtB±>fc:>^^^eA^^*5^ 

—7 CMO s^^iiii^-e*)^So 
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CMOS m^^^^mm-^ ^ -So 

« 

(LB CMOS) (Dmrnmrnm-^i^^o 

.^4{i:^ p^-^;?^;i/MOS h^>^^y^^®^ffiIili^El'e^i>o 
l2I5{i^ :$:|ISfi|®Jf^m;:5iP*»SLBCM0ScDl/-i'T'> hEl-efeSo . 

El 7 2is:iiiS(3Djf$^i3 s ^ 7^ -f 5 ;i/.'N*-r ^ c M o s mm 

(LB CMOS) ®^M{^ElT-fe?)o 

13 8 {is 2|s:|IMCDm^i-3?P3b*-SLBCMOS6Db>f Tii? h^T-feSc 

« 

131 0 {is J±®t«^Jl;i3b^*^?>l^cDDTMOS®^fll|Ilf^l21'e2fe§o 
0 1 1 {is n5^^ ^-;i/D T M 0 S So 
012{is pf-^;t-;i'DTMOS®^^|Il{^E|-e^So 
^13{is A:timBECD>''^;i'X^^^T'$>So 

HI 14 {is Ygs^^'Tb^-frfe^-^cDs n5^^^-;i/DTM0S®m^I ds- 
13 15 {is IVgs I ^^^-fb^-^fe^-^CDs p^^^;^DTMOS®m^ I I 
ds I -SEE I Yds I n^-^^^o 

EI 16 {is BT cMos(Dm&t^mmt}-^$>^o 

Ell 7 {is DTCMOS®^:^^;!/^-^:^^;^;)/^— ?lMaT-fei»o 

^18 {is Vbe = 0. 7V{cH^U Vg s ^^^'fb^-^fe^-^^s n^^^ 
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;i/LBMOSCDS^I d s -WS.V d s^itt^'efe^o 
^19t±> Vbe = 0. 7Vs Vds=l. 0 VtdS^Ufe^-^®^ n^-^^ 

^20{±^ I vbe I =0. 7vtcH^u \v g s \ ^mt^ rcm^(D^ 

n5^^^;i/LBM0 S(Dmm. I I d s I -MS. I Vd s | «l^ttT*2fe^o 

^2 1{d:> |Vbe|=0. 7Vs | Vd s | = 1 . 0 VtcS^bfe^-^^N 
p^^^J]/LBUOS(Dm^ 1 I ds I -SEE I Vgs | Jf^ttT'^^o 

D T CMO S iiCDlt^-efeSo 

E23iis LBCMOS-f >^^-^ ^^(D3L:^)\^^—h3:-^J]y^—Mm^i^M 
bts CMOSs DTCMOStCOltU-^^^o 

g|2 4lis LBCMOS-1' WN'-^J^lHll^©jl3ffii:^«il;t;l3ilbT. CMOS 

m2 5{is LBCMOS'T >'>'^-^5?|lll^®3^;^;^=^— i::E^^-;i/=^f— 
bts CMOS^CDit^-e^^o 

02 6li:s LBCM0S^ >n-^llll^®7lSEi:^^^m;bt-fe^o • 

EI 2 7 {is LBCMOS-f >>'^-^[lIi^O^;^;^^— i::i^^->'^=^— ?§MM-e2fe 



2 8 {is LBCMOS-r >n->S'|llj^OM3^J::?iSS±;T'$)§o 
g|2-9{d;s LBCMOS-f >>'\*— ^|lll^t3D:n^;i/df— SM^-^fe 

So 

3 Otis LBCMOS'f >>'"?-i57|ill^©jl5Ei:i^««:±>-e^So 

3 l{is LBCMOS-r >>'^— ^CD^^->>^=^— ^^^>'^=^'-?13^^"^fe^o 

3 2iis LBCMOS-r WN*— ^llI^®?lMi:^i^S±fT'fe^o 

3 3 {is LBCMOS^>>'^— ^ISII^CD^^;V=¥— jlM^-efe 



3 4 {is LBCMOS-r >M-i5'[III^07lMi:^i»«;b-efe-S<, 

3 5{is LBCMOS-r>>'N'— iJ7(flll^cDa::^s;vdf— jlM^-efe 
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^CMOS (Lateral Bipolar CMOS) -f >>'n*— :5^lllgS (OTn TlBCMO 
^^lls 12s 13 {is ->U:3>A^e>?fM^nSo pM-y-:/:^ M/— hMi^l 

<bn^o p^^^;i/MOS h^>s^Xi$^ 2 otts n^i'^;i/Mos h^>^:^y^^ 

2 1 i:-€-n^fifetfpMV-^^:^2 2s p^ h'l/^ >M^2 3 Mlcis n 

M/-h^:^2 lCD±t3{±s >i7'-hi^M2 5 ^^H^bTy- h®S2 6 

$ti-S^^*)t:s ^—YWm2 6{3«£E&EPjjp-rsc:h{cJ; Dp^^:t-;i/2 TAJ 
U:3>imd*e)^SS0I (Silicon On Insulator) iiA^^tf ^ UV>o 

wtmtiiUosv'yyi^-:^d^mm.-^m-r^h^^. n^y-;^^^i2s as^etj^ 
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— ^ • CMOS-r >>'N*— ^HJj^ (LB CMOS) ©^MlHU^EI'e^-So LB CM 
OS 2 0 O-ettx n^-^;^;i/MOS h^>^;:^i$'2 1 0 i:p^i'^s;i/MO S 
>i^;?^iS'2 2 Od*\ CMO S-r iS^ajgh^feSJl^tcl^i^^nTlASo IPt>^ 
Ph7>s;;^^2 1 0. 2 2 0©'y-h. Kl^-r^^Ss ^tl-etVs X^l^^Vi 
lis m:b^^Vou t ^cg^il$i^TV^^o p5^-\';t-;i/M0 S 
. 2 2 0®V— ^d^SBE^Yddids n^i';^.;i/MO S h^>S^>^^2 1 0®V— 

LBCMOS 2 OOfi^ Mfcix 2o©m« I b n 2 3 0> Ibp240^^ 
tfo m^?®I bn2 3 0«±> p^^;^;i/MOS h^>i^;^i57 2 2 0(DiimV-yx 

hu-hmm i^—^) i^i^m^ntc-^yTshu-hm'? (sub) fzmm^n. 

n5^^;^;i/M0S h^Vi^X^J' 1 OcDp^lf^:;^ hl^— (^-^) l:i@ci^ 
^tifc-t)-::^^;^ h l^- hSSff-? (Sub) ^©^{zgEi^^tis |qID<it^;^ h h 

IS3{d:s LB CMOS 2 0 Otz^^^s P«3:&-r ^ n p n 7^ ^ • /l-f 
■7 • h^Vi^J^^J'ii^gfifcbfei&f^^^f-^ 4Jg^®n5^-V^;VMOS 
2 1 OO^Elj^iaTfeSo Cl© n^-^^'^;i/LBMOS^^h 
D^^o ^fes ia4tts 4^^CDp^-\';t>;i/M0S>^>$^Xi$^ 2 2 0©^|llg& 

E13. 4**e>BJe>3iP^J:a{dN MOS h^>i^;^;$^ 2 1 0^ 2 2 0®V— 
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LBCMOS 2 0 OK:43V^•C^ f-^^^l/flitiN A5^1f -f n"^^^ 
;i/a)S/jM|i : Wn=6 Xh-p^^^J\/(DWhU : Wp = 1 2 ATJ^^o ^^J^fis 
A=0. 1 7 5;£zmi:-rSi:. Wn= 1 . 0 Wp = 2. 1 

* 

mUL) (Vdd) ic:;^^ y5^>i7-r^o ^y^>^ {±t>±tfi 

<0) tCifij^Jfel^^tt 1 5 0 p st?feSo if'i!>^XiiWS.(D7.^ ^y^y^ii^nMiy 

■ 

MO S^J^^'f ^^'^^V^TlJg^JDjit^^So — ti^tf^ ^ ^ 5^ > ■i^Xlts pnp 

^7"-f • >''^'<'J^— 7 • h^>i^:J^^^D^— :^ (n) • (v— :?^) ^ 

5 0 p s) i^CD^mmi^X. m.i^9Mtm^ IJna.xX:^^-^m(DmM^VV::^^ 
>^mM^-bmx^^o —13. A^jiPS^-Y 5.>^T'lis npn^T^^ • /^'f 
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fex I bphi bn6D3ilt>±DI^^ (=^L•bT^mm) ^tl^tlb Opst 
1 0 OpsilbTV^5>fJS^ Ctlii. n^-\';t-;^/p5^^^;i'M0S h^>i?::^iS' 

niis ^M©LBCMOS 3 0 Oi::*5l>T*)l^^*^^^o 

— ^ • CMOS (LB CMOS) ^ ^HU^^^fflUli^illT-^^o 

LBCMOS 3 0 0tts LBCMOS2 0 Oi:PI^itc:x n5^i'^;i/M0 S h ^ 
>i^:^-$^3 1 0 i:p5^-\'^;VM0S h^>i^;^i573 2 CMO s^^atii^c^ 
<tat::g^i^^nTV>So 2a!^©«ia?itc{i:x LBCMOS 2 0 0^{i^3&:Dx 
m^i£^^=0. 1 7 5 AmiibTx Wp= 1 2 A= 2. 1 /zm®r;i/Ty rp5^ 
^^;i/MOS h^>i^:^^ 3 3 0 hx Wn=6/l=l. 0 5 /LLm<Dyj]/^'K7>n 
^-\'^;i/MO S h^>:>^:;^i57 3 4 0 jb^^V^^jtl^o 
MOS h^>S^XiS^ 3 3 0® Kl/'T n^-V^;i/MOS h^>S^X^ 

bss^{d;s t%izms.mvddiz^m^ti^o mmii^^ Mosh^vs^^^^ 

3 4 0© h*l/-r p5^-\'^>;VM0S h^>S?;^^ 3 2 0cDnM-9->^^ h 
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G n d {c -^n^ti^i^^ ti S o 

■b^i^^m^-^. MOS h^>VX^ 3 3 0®>^7'-hmjEVpi:. MOS 
yj^liS'S 4 O0D'i;'-hSJEVn^$iillf -SCliitct!?. ^5'Iil^^afijo1- 
S 2ocDM0 S h^>i^:J^^ 3 1 0^ 3 2 0®-9-^;^ hi/— h i^—X) mi'<7> 

^Qttx LBCMOS300 S^gfiK^— K"r'i&f^^-y:i>®-^®N X:ht^^V i 

■So 

S-tt) jb^^i^U'^;!/ (vdd) izx-( ^y^y^ir-t^o x^v^y^ i±-^±t^ 

T^ MOS b^>S^^i5' 3 3 OCD>ir'— h«EEVp3{p\ (Vdd) ti^^^ 

(Gnd) iz^-fbU — ^^P^ (Tl) ^5i^tc^fe7c®l^l/^;^ (Vd 

[8S^jf^O/'Vv;^«i^55)5> MO s 3 3 0© Ki^'f >sgg^C3^«tnSo jfp 

;i>»i»'i;i/::^m«^*s> n5^^;^^;i/M0S h^yt^X^S 1 Oizi^:&-rSnpn^7^ 

—15^ M o s h ^ > s^.;^ ^ 3 4 0 <D^— h msN n^±iS^^;^^^l^l^^^tl^ h -7 
>i^:^^AS:t7)|;^^iC)&Sd:at::^JI|-r-2>o cinii:J;Ds p5^i';7-;i/MO S 

v/N*— ^llIl^®A:b«ffiVin**\ (Vdd) d^^fSU^^l^ 

(Gnd) ic;:^^ ^;/5^>^7■r2)^^^ X^ y^>^lcmmiyX. MOSh^>S^ 
3 4 0®>:f— hmffiVnd^s iSW^;^ (Gnd) ^ipe)!^!/--?.;!/ (Vdd) i,z 
mth. —^^m (Th) ^3g^t3^fe^©i£l/^;i/ (Gnd) KiMS^Ji^iJ: 
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{£U^;i/-rB&— ^u-t:v^sKf^i^ M:^<D^y'^^^^ • ^u-^—^ ' v^>i^:^^ 

c:®J:-5li:N LB CMO S 3 0 LB CMO S 2 0 0 iil^I^tCs -OJ"^ 

—^mB^M^ir^-':^(D V^>i^^^t^^>^^^'^^ *^oi^ii}3Si#bT^» 

*^§fiM«;tr®iiiP^x jlMCDM^SA^jiiii 5 c J: D s LBCMOS^^^O) 
<l:bit^?!l> 

1 0 itWJT*^ D s :^#*^4 0 0 -ea^nst*e^^3it®D t cmo s 

(Dynamic Threshold Voltage CMOS) ^ >/'^—^m^(D^^m^m-^^^o Sfex 
^lls 12^i^ DTCUOS4 0 0lz^^n^n^^:^JVMOS\^^>i^^^ 

DTCMOS 4 0 Oti. n^^^-.;i'DTMOS 4 1 0 ^p5^-V^;i/D TMO S 
420>i)S, CMOSi^5lti:3&S«J;^^-^l^i^^nTl^So DTM0S4 1 Os 42 

^n-rVNSo Sfex p5^^;^;i/DTM0S4 2 0®V— ;^d5^^Vdd{3, n 
^-\';t>;i/DTMOS 4 1 0 (D^J—T^t^^MUGndiz^ ^tl^^^^i^^nTV^So 
^fex DTCMOS 4 0 O-elis 2OCDDTM0S 4 1 Os 42 0cD■t^7';^^ 
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M0S4 1 OtdOVNT^B^-rSo n5=-V':^';UDTMOS4 1 OT-tis y— hSg^ 
M V d d h -f >aEEJi^T 35: S o 

m^i^MMo ^(Otzisb^ DTCMOS 4 0 OfDX'f ^y5^>^^{)^'^^^i^V^^m««l 

^{ds Ell Olc^^n?>DTCMOS4 0 0®liJf^^c:■^v^•r3ili^i>o 
DTCMOS 4 0 0-e{±x Wp/Wn=2h^5»o dd-^li^ 0. 3 5 /zm® 
CMOSrp-feXtc^^s -T;^i7il-&®^^;^;i/Sii:Ln = Lp = 0. 3 5>am 
i:U •5^-\'^;i/iliS{iWn= 1. 0 5>am (S'^^^^Mi) ^ Wp = 2. l>tzm 

S13(is D TCMOS 4 0 O^itlit^-y-?)®'^©^ A:tjS®^V i n**^)®^ 

^m&om^-^-ib^o c:ii-^iit>±b^P^^5i:t.TDi^^&^tL^m 5 Ops 

iliriis 0. 3 S/zmCDCMOSru-bJ^l^^o'^s B S I M 3 v 3 ^5=;i/"e> 

Vto (n) =0. 1 7 8V 
Ki=0. 4 7V'/2 
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. K2 = -0. 0 5 7 
(^s=0. 8 2 V 
UL^= 5 5 0 cmVV/S e c 
tox= 711111 

hFE=10 0 

Is=2 X 1 O-'^A 
Are a= 1 

S. Verdonkt-Vandebroek et al.® **High-gain lateral bipolar action in 
a MOSFET structure," (IEEE Trans. Electron Devices, vol. ED-38, 
pp.2487-2496, Nov. 1991) Vddd^o. 6VfeJlT®m^^ DTMO 

mi4i±^ h^>t^:y^^(D^M^n= 1 . 0 5 //m-efe§n^i'^;i/D TMO S 
4 1 0 t^^bts Vgs^O ViJpe>0. 7 Vlz^ib^-li-fcm-^^Os mmidsi^ 

mjE V d s ©M^T-^ i>o 
^ 1 4^e)t)*=»^ Vg s ( = Vb e : •3:.^y^mS.) ifiO. 

#-rap5^-\'^->'^DTM0S4 2 0®aiJ#^[ilS&e^^ ^l^— i^a >'efit^1"So 
jUj^i/^o-V— e/3>{±. l^iatCs 0. 3 5>ain(DCMOSrP-fe:^JcS-:5^^ 
BS I M 3 V 3 ^7^*;Vl?v JiJLT®^S>''^'^^— iJ'^^oTffofeo 
p^^^;UMOS : 

Vto (p) =-0. 2 3 8V 

Ki=0. 4 5V'/^ 

K2 = -0. 0 3 

0s=O. 7 9V 

/Zo=2 2 0 cmVV/S e c 
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tox=^'7nm 

hFE= 10 0 
Is=2x 1 Q-^^A 
A r e a= 2 

^1 5{±x p^^;^;i/DTM0S4 2 Ot^bTs I Vgs I ^OYtl^^O. 
7 VST'^^b^-fet-feJ^^CDs I Ids 1 tMB I Vd s | i:(DM^T-^5o 
SI 5**e,t)iP§J;afc:. iVgsl (= I Vbe I) 3{)S0. 7 VtgiJ^-ri>^x 

±M©DTMOS 4 1 0. 4 2 0^^tfDTCMOS4 0 OcDjall^S^S: 
mie (a) .(b) 13. md^^ShVddii^^'fb^-&fe^^©x DTCMO 

miG (a) (b) J:t)s ^«m;b^l3s VddC;^^ <^#bTV^S 
:Lhi^t>is>^o «Nfl-s Vdd>0. 7Vi!{i. YigS:tr3{>^^^t3iiinbTV^So 
017 (a) (b) iCs |^ib<ft^^^ai:Vddii^^'fb$-&fe^'^®s DT 

feto. Vdd>0. 7 Vrii^^>;^=¥— 3bS;*;§<tij!jn-r2>o 

^—M^W^B.'\^hU'^o:>\±^ 12117 (b) CDJ^I^-e^^ilN (0. 6, 0) -5- 
(0. 6 5, 2 5)-^(0. 7, 50)-^(0. 7, 75)-^(0. 7, 10 
0) hnM't^o 

MM^m.^ 2 5 (Dm-^^ V d d ^ 0 . 6 5 V-e?15E^©fi{*{5i^ 0 iiB^H^ So 
Vdd^O. 7Vt::*5V^T^ M3^jKcD{i*siix.S:(p\ C^O. 7V*sjiSo<D^^ 

DT-feSo vdd = o. 1 Y-^mi3n-<~-:^nm^^wmwm\cm^. 
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<mMm> 

miSli±^ n^-t';T-;i/LBMOS (Wn=l. 0 5/zm) tc::feVN-r^ Vbe = 

0. 7vt^@^b■c^ Y g s^mtt^-^tzm-^cDs mmi d s tm&v d s t<D 

M^-e^2.o EI19^i^ Vbe = 0. 7V. Vds = l. 0Vi3©^bfe 

J®-^®x m^I d s iiftEEVg s hCDH^T-^So Ell 8. 19^c:j3V^Ts ^Ift 

^2 Otis p5^^;^;i/LBM0S (Wp = 2. 1 jum) lz^\^^X. |V 
b e I = 0 . 7 Vlz@^bTs I Vg s 1 ^mt^^tci^'^(Ds I I d s | 
iimiE I Vds I hCDH^-e^^o ^fe. 02 Itts |Vbel=0. 7Vs 1 

vd s 1 = 1. ovizm^i^tzm^cD. mM \ Ids I i:mjE I vgs i tcom 

c:n5)CDn5^^^>.;i/LBMOShp^^^-;i/LBMOSh<&CMOS'f 

mis 5^ ^ 1^— ^> 3 >^c::feV^T^±^ D T C M O S T?ii±RB'C ^ o V d d 0 . 
7 VCDJ^^fcix M^nm :C1 = 0. 5534pF (=100x5. 5 34f 
F : 5 . 5 3 4 f F{*g/jN>f^©-r t^'lllSSO'if— h^»^i) fc^b 

T CMO s tit^vtci. L B CMO s>r >M— ^mi^^^t^tfet-iB-r^iEij^i^ ^ ^ 

0 ilbfeo 

Sv ±l3Jt»JT-i54BJbfeDTCMOSs ;Rt>':2is:|gBJl3>ip:ip^LB CMO St30 

v^■c^ >i3i^^x mmm:ij. ^l^ji^^-. RUj:.^)i'^--mmmK-D\,^xim^ 

^Tofeo CMOS/LBCMOSx D T CMO S/LB CMO S{is CLti^com 
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mi) 
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Vdd=a7V. Ci=0i5534pF, Ima)e=75 M A. Th=1 OOps 
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169.550 
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84.838 


0.555 
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130.596 


14^384 


0O37 


3529.62 


38a76 



m. 1 c^N-r «fc ^ i^s *:^BJic^:fps?g^^- h'-eibf^-r s l b cmo s -o.'-?. 

— ^J^IUi^lix 3im©CM0Si:cDJ±|^X's YiSS:*!*^! 8%li;i§o UA^btc*^ 
j.^;i/:3¥i-ttl/l 5 3i:^§o ±M®i:at:is D T CMO WN'-^HU^Jis 

Vdd>0. 7 V^^mi&f^^^^U Vd.d = 0. 7 VT-^j^Wm:**^^^ < 56c 

■ 

J-:^±CDJ;-5t;:s LBCMOS-1' W^-^5^Ill^i±s 3MM®>f W^-iS^mi^®* 

1^ 2 2 ( a) ( b ). (is M^^^aC l^OA^^lOO ST-^'fb^^^fe^-^^D.x 
j13^s ;RtFYi»^:boD^^bT-^i)o ^fcs m23 (a) (b) tt. :ft?^^ac 1 

DTCMOS^>^^*-^Illl^T•{±s Vdd>&±|5i©0. 7V^M^T1. OV 
*-e±lf^iis >^t-^iai^iiMlt^»J<'^i:^^o bjJ^bJ&As^s LBCMO 

^2t±s ci = loo (x 5. 5 3 4 f F> i:v^^;»ct^^^^^«^-^b•rs 

Vddtl. OVICS^U m«5b5Imax=75/zAT'Th=100ps®^ 
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(^2) 

Vdd=1 jOV. CI=05534pF, lmao(=75fi A. "TTtpIOOps 





CMOS 
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CMOS/LBCMOS 
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15^1 
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X 1 or^J • s) 
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-^lHlj^{i> 5im®CM0Si:©it$^^■^^ ^^««;t3*si 4%ti;tSo UA^b^cA** 

fe, ai;^;i/:3ss— {± 1 / 2 7 i: ^ So 
^ 2 4 ( a ) ( b ) :ft^^^a 0 1^0*^^)100 

:RtJ«ti^m:tJ®^^ti'e^?)o ^fes S2 5 (a) (b) {±s- M^^ACl . 

LB CMO S J; t)M*^l^il5*Ss jlMA^^&^l^^^ < :^eoTV>§ci i:*sfc>i{p§o 
132 6 (a)= (b) fcs Imax^5 0/zA3Jp^2 0 OyC/A^-tr^'fh^ 
•frfeLBCMOS'f :$'©jl5Ei:^^m;b<D^-fb-^25So ^fes EI2 7 
(a) (b) iis |5lD<s Imax^S 0AA*»e)2 0 O/zA^-e^fb^-^feL 
BCMOS-r i^cD:ii^;i/^—i::i^^;i/=3f—eM^©^'fbt!^i)o ^lCl-e^ 
Imaxlis m^MIbp3&*^#t|&$nSS:^m^^^T"^S (121 6 #M) o 

^2 6 (a) J:Ds I max^s? 5 /zAJUTT-{ijlM®^'fb*^^^T'feS*^N 
7 Syt^AWTT^JiM-^^Jj^^^-fbh^SCfcA^fc/b^So ^^feoTs n5^-V^-;i/LBM 
OS©^— J^S^^tdtts Ibpd^^s I max i=7 5uA) x2 0 0ps® 
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fflbfe LBCMOS ^iggfe^— K-eiiif^^-&fe^^®E^^> ^ ^ ^-^ 3 

;iy^:tp^|ll{^e/^i^— i^3>T{i> Vdd = 0. TVO^-^lc. :^^^^iCl 
= 0. 5534 pF (=100X5. 534fF) IcMbT^ 

T CMO S iiJt^bfes LB CMO S -f ^z^— i$'|pI]^®t£tlic:M-rSIlll^^>^ ^. 
< 1 0 0 hbifeo 

S^ ±f3it|55««Jt!SiBJ bfcD T CMO S. RU:^mmiz.tf>-^ ^ 1. B CMC S Iz-D ' 
V>Ts tIM^P^s ^^«:t?x ZfetJ«3i;f^;i/^-^?lj^ai^ow^TJt^^- 
=fj-5)feo CMO S/LB CMO Ss D T CMO S/L B CMO S«s dtu^®® 



(^3) . 

Vdd=a7V, Ct=a5534pF, nTFn=700ps 
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7.319 
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1522 
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14.384 


3202 
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3J8 



^3 Kl^f <k-5t3N FT-ilJ<'^-r^ LB CMO S-f WN* 

—^mm±s Mit®cMos^©i;bitT% mnm^i^i 2%m^^o i^i^vtai^ 
DTCMosi:itit-ri»^:x mimmi±i/4:mhm<tj:^t^s mmm 
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1212 8 (a) (b) m^^^*ci^od^e> 1 0 o^■r•^'^b^■y:fe^^®^ • 

'mym.mti(omcr^-&^>o *fes ^29 (a) (b) {is M^^^aci 

• ^4y:s Vdd^l. OV^cia^U 01=100 (xS. 53.4fF).t?s 

: Th=Tl = 7 0 Ops©:^^£Ds $^ ^ i l/-— >>3 >M 



(|g4) 
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132.367 
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e>s ®5E{il/2 0i::fel9s '^-oX. «l{t?iJ^dS2 0^^1^^i:^i.o ^fes 
lis l/ietti:?>o 
1213 0 (a) (b) {i. Al^^fiCl^Od^e, 1 0 O^T'^-fb^-^fe^Os 
MXJPmnmJj(DmtX:^^o ^fcs ^3 1 (a) (b) {d:s :^^^^«C1 

^0;(}*e>loo^T'^'fb^-^i::fe:^^®s 2fet>':c^>;v^-7lMa®^ 
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LB CMO S J; *)mte>iz.m^i^s m&U.:k^ < ^coTV^SC i:t)^^o 
m3 2 (a) (b) ti, JVl7.m&(0U^mm : Th (=T 1) & 7 0 Ops 

tdS^U Vdd^O. 7V**e)l. 1 VST-^-fb^-a-fe^-^^s LB CMOS 
W^-^IlII^©5lM^?gSS:b©^'fbt:$)§o ^fes 1213 3 (a) (b) tts 

Vdd^O. 7VA»e>l. 1 V^-e^-fb^-^fe^-^^x 

* 

- h ;i/ ^-SM^® ^-f b T- ^ 2» o 

Vd d = 1 . 1 Vi:^oT^:3i^>;i/=^— ^13^^^iS/MitK:g[J5tb:^CV^o 

i^iz, E134 (a) (b) {is Vdd<&0. lYizm&V. Th ( = T1) ^ 
100psd*e)130 0 p s ^T^^fb^-e-feS-^fDs LBCMOS'f >/n-— ^$^0 
l^©ii5iJ:^^««;b©S/^:3.1/— :J^3>3^m-efeSo ^fcs E3 5 (a) (b) 
Th (=T1) ^1 0 OpsA»e> 1 3 0 Op s$-e^<b^^fc^®. LB 

ia>&^^t)^pSJ:ai::s Th (=T1) *S7 0 0 pJ-:4±T'ti> jlMtitSi^^'fb-a- 

{$^CDM*=»b*>ii;t^V^o t!&oT> : T h (•=T1) :&7 0 0p.sl:i@ 

P^^^;K0M0S h^>i^:^^t^ •?-©#'i?t::^jgfi^i3p«g:aE"r Snpniipn 
pCD^T^-f • /^'-r ^ • h^>i^:^<$^55p^^-2>CMOSi:s 2-o(DmMM 

b-Cx cMos-r y/'^—'^m^o^xtjms.o^:^^ ^y^^^^tci^i^b-Cs 
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^^>5^>^^co^-P^^^K:tt««t^^l^^3S:V^J;^t:•rSo CMOSi'> 

iJ^tP^M^"^— (D LB CMOS ^m^TLtsm^^^ 

0. 3 5 jLLm<DCMOSyu-iz:^^^-r^M'^s Vdd=l. OVi: 
j5g^_|.'(;r)LBCM0S{±s Jim® C M O S tCj:b^T> tll#3^S*^* 2 0 {gM < 

tj, * 1/1 6 i:J5;i>o dCDJi^t^is :$:|ISIgOff$^i;i;{)^d^^LB CM 
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— ^CMOS^aHli^o . 

2. ±l3^>>'^•-^lll^^s^ ±IB>r-hA;bj^^Vin. ±lBpM-^-;^«^s 
nfem^M I b n 

mMm.m I b pSt>*^m^ili I b ncomM^^^ ±13'^— hX;bi^^V i n^<0 
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— ^CMOS^aiSII^o 

nM'^-;^3S^t3^^$tis ^V-^SS^ii^-y-:^^ M/-h*^^*^M^WG 

5. ±IBn^^;|^;i/MOS h ^>t;;:^iS^ i:±BBp5^-v;^;i/M0 S h^>S^;^i57 h 
^^tf^>>'^'— ±I3M0S h^>S^;^^©Kjf^^— h'-eCMOS^gip 

T^-f •7;ww>j<— 7CM0 s^ams&o 
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